Introduction {#H1-1-ZOI190811}
============

Hypertension is the most prevalent risk factor for mortality and disability-adjusted life-years^[@zoi190811r1]^ worldwide. Cardiovascular disease remains the leading cause of death globally, accounting for 17.7 million deaths in 2015, which represented 31% of all deaths worldwide.^[@zoi190811r2]^ Hypertension is an important factor in cardiovascular disease.^[@zoi190811r3]^ In 2010, it was estimated that one-third of the world's adult population had hypertension.^[@zoi190811r4]^ The introduction of the American College of Cardiology and the American Heart Association hypertension guidelines in 2017 resulted in higher estimates of the number of people with hypertension.^[@zoi190811r5],[@zoi190811r6]^ Knowledge of optimal first-line antihypertension medications for the prevention of cardiovascular events and mortality will be important for clinical decision-making. Moreover, the identification of treatments that are most effective for controlling hypertension and subsequent cardiovascular events and mortality and that have the least harmful effects is imperative to guide clinicians and decrease cardiovascular disease burdens worldwide.

Previous meta-analyses have examined the efficacy of antihypertension treatments in reducing cardiovascular events.^[@zoi190811r7],[@zoi190811r8]^ These meta-analyses have used pairwise comparisons of only 2 classes of antihypertension medications; however, pairwise meta-analysis does not enable comparison of multiple classes of medications. Only 1 network meta-analysis^[@zoi190811r9]^ has compared the effectiveness of different classes of antihypertension medications in preventing cardiovascular events, but this meta-analysis was published more than 15 years ago and included medications, such as α-blockers, that are less frequently used in contemporary health care.

To provide an updated perspective on the comparative efficacy of antihypertension medications, we conducted a network meta-analysis to compare the reported effects of different classes of antihypertension medications that are currently used to reduce the risk of individual cardiovascular events (cardiovascular death, myocardial infarction, stroke, and revascularization) and to examine the medications' reported effectiveness in reducing the overall risk of any cardiovascular event. Findings from this study will be relevant for the contemporary clinical management of hypertension, especially in light of the new American College of Cardiology and American Heart Association hypertension guidelines.^[@zoi190811r10]^

Methods {#H1-2-ZOI190811}
=======

We conducted a network meta-analysis of randomized clinical trials that tested antihypertension medications. This study followed the Preferred Reporting Items for Systematic Reviews and Meta-analyses ([PRISMA](https://www.equator-network.org/reporting-guidelines/prisma/)) guidelines for systematic reviews and meta-analyses.^[@zoi190811r11]^

Data Sources and Study Selection {#H2-1-ZOI190811}
--------------------------------

We systematically searched the PubMed, Embase, and Cochrane Library databases for articles published between January 1, 1990, and October 24, 2017. The search terms used included hypertension, hypertension and agents, and antihypertensive agents (a detailed list of search terms is available in the eMethods in the [Supplement](#note-ZOI190811-1-s){ref-type="supplementary-material"}. There were no language restrictions.

We included studies meeting the following criteria: (1) randomized clinical trials; (2) published during or after 1990; (3) included nonpregnant adults 18 years or older without chronic kidney disease, diabetic nephropathy, or organ transplants (which are risk factors for secondary hypertension) and without myocardial infarction and/or stroke within the previous 6 months; (4) evaluated antihypertension medications, including angiotensin-converting enzyme (ACE) inhibitors, dihydropyridine calcium channel blockers (DH CCBs), nondihydropyridine calcium channel blockers (non--DH CCBs), β-blockers, angiotensin receptor blockers (ARBs), and diuretics compared with control groups receiving placebo, standard treatment, or health education; (5) reported incidence of cardiovascular disease events (cardiovascular death, myocardial infarction, stroke, and/or coronary revascularization \[either percutaneous coronary intervention or coronary artery bypass grafting\]); and (6) reported data from at least 6 months of follow-up. In addition, we excluded studies that reported myocardial infarction and/or stroke within the previous 3 months; studies that focused on patients with chronic kidney disease, diabetic nephropathy, or organ transplants (which are risk factors for secondary hypertension); and studies that were not focused on patients with hypertension. To minimize concerns about the heterogeneity of outcome ascertainment across studies, we only included studies in which cardiovascular events were adjudicated by physicians using similar criteria and assessing patients' medical records.

Study selection followed 3 steps. First, 2 of us (J.W. and A.J.K.) independently screened the titles of studies. Second, the same 2 reviewers screened and selected abstracts, and disagreements were resolved by a third reviewer (M.K.A.). Third, the 2 reviewers (J.W. and A.J.K.) examined the full text of articles for confirmation of inclusion. Disagreements were resolved by consensus or, when necessary, by the third reviewer (M.K.A.).

Data Extraction and Quality Assessment {#H2-2-ZOI190811}
--------------------------------------

Two of us (J.W. and A.J.K.) independently extracted data from studies that met inclusion criteria using a standardized extraction form. The data extracted included sample size, participant characteristics (age and sex), study country, follow-up duration, types of antihypertension medications and comparator groups, and number of first-in-trial cases for each outcome.

Cardiovascular death was defined as death related to cardiovascular disease or death that could be calculated using all-cause mortality minus noncardiovascular-related death. We used nonfatal myocardial infarction and stroke if they were indicated or could be calculated, and we used total (fatal and nonfatal) myocardial infarction and stroke as outcomes if the numbers of nonfatal myocardial infarction and stroke could not be derived. Revascularization included any percutaneous coronary intervention or coronary artery bypass grafting reported in the clinical trials. The overall cardiovascular events were calculated as the aggregation of cardiovascular death, myocardial infarction, stroke, and revascularization.

We assessed the quality of the included studies using the Jadad scale,^[@zoi190811r12]^ which measures the methodologic quality of randomized clinical trials on a scale of 0 to 5, with 0 indicating very low and 5 indicating rigorous quality. This scale assesses the risk of bias based on 3 domains: randomization (including mention of randomization and appropriate method of randomization), blinding (including mention of blinding and appropriate blinding), and consideration of all patients (ie, the outcomes of all patients in the clinical trial are known and, if no data are reported, the reason for missing data is stated). A study could be assigned a maximum of 2 points each for the domains of randomization and blinding and 1 point for the domain of consideration of all patients, for a possible maximum score of 5. Two of us (J.W. and A.J.K.) conducted the quality assessment and assigned quality scores (continuous measure) for each study. Studies scoring 3 or more points were deemed to have a low risk of bias, and studies scoring less than 3 points were deemed to have a high risk of bias.

Data Synthesis and Analysis {#H2-3-ZOI190811}
---------------------------

The analysis was conducted from October 2017 to December 2019. We first conducted a pairwise meta-analysis of placebo-clinical trials to estimate the direct effect on reducing cardiovascular events reported for each agent compared with placebo. The risk difference (per 1000 persons) and the numbers needed to treat were calculated for each type of medication.

We conducted a frequentist network meta-analysis with random-effects models to estimate the aggregate reductions in cardiovascular events and revascularization for each type of antihypertension medication compared with placebo and with each other.^[@zoi190811r13]^ We used Stata software, version 14.0 (StataCorp), for all analyses using the network command.^[@zoi190811r14]^ This approach is an extension of the method proposed by DerSimonian and Laird,^[@zoi190811r15]^ and the performance of this model has been satisfactory. The model contains a component of inconsistency variance, which is a source of variation in addition to between-study heterogeneity.^[@zoi190811r16]^ We reported risk ratios (RRs) and corresponding 95% CIs, and we calculated a pooled RR and 95% CI for each intervention group separately from each placebo group.

For each medication class, we assessed heterogeneity across studies using the maximum likelihood method.^[@zoi190811r16]^ We examined the magnitude of a common heterogeneity variance for the network (τ^2^) as an indicator of the extent of heterogeneity among included studies in terms of the range of expected treatment estimates (RRs and 95% CIs). Any τ^2^ values under 0.25 were considered acceptable heterogeneity; values between 0.25 and 1.0 represented moderately high heterogeneity; and values greater than 1.0 represented very high heterogeneity.

We assessed the general within-network inconsistency between direct effects (comparison between specific agents and placebo) and indirect comparisons (comparisons other than direct within each outcome) for each outcome using χ^2^ tests. If no general inconsistency was detected, the inconsistency between each of 2 agents was tested by calculating the differences in direct effects and indirect comparisons using their SEs.^[@zoi190811r17],[@zoi190811r18]^ We considered evidence of inconsistency if *P* values were less than .05. We assessed potential publication bias by inspecting the symmetry of funnel plots for each outcome.^[@zoi190811r19]^

We conducted metaregression analyses to examine the dose-response relationship between each within-treatment 10--mm Hg reduction in systolic blood pressure and 5--mm Hg reduction in diastolic blood pressure (regardless of intervention groups) over time and to assess the incidence of cardiovascular events (including overall and individual types of cardiovascular events, with the log RRs of cardiovascular events as dependent variables). The coefficient of metaregression was weighted by 1 divided by the sum of σ~i~^2^ and τ^2^, with σ~i~^2^ representing the SE of the estimated effect in the particular clinical trial and with τ^2^ representing the between-study variance.^[@zoi190811r20]^ In addition, we reported rates of adverse effects, such as edema, headache, cough, and hypotension or dizziness, that are associated with antihypertension medications and placebo among studies with available information.

Results {#H1-3-ZOI190811}
=======

Our systematic search yielded 4933 articles ([Figure 1](#zoi190811f1){ref-type="fig"}). We identified an additional 71 articles from bibliographies of relevant reports and reviews. In total, the systematic review and network meta-analysis included 47 published articles from 46 clinical trials, with 248 887 participants and 28 658 first-in-trial cardiovascular events. Owing to the small number of studies reporting different medication combination permutations and non--DH CCBs, we did not report data for fixed-dose antihypertension combination medications in the network meta-analysis.

![PRISMA Diagram of Literature Search and Selection\
Reasons for exclusion were not categorized by individual article because each article may have met multiple exclusion criteria.](jamanetwopen-3-e1921618-g001){#zoi190811f1}

[Figure 2](#zoi190811f2){ref-type="fig"} shows the network plot depicting the different antihypertension medication classes and comparisons tested. Among included studies, 15 tested ACE inhibitors, 23 tested DH CCBs, 4 tested non--DH CCBs, 8 tested β-blockers, 12 tested ARBs, and 13 tested thiazide diuretics. Four studies were from North America, 18 from Europe, 16 from Asia, 1 from Oceania, and 7 from multiple regions across continents.

![Network Plot of Antihypertension Medications\
ACEi indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BB, β-blocker; DH CCB, dihydropyridine calcium channel blocker; and non--DH CCB, nondihydropyridine calcium channel blocker.](jamanetwopen-3-e1921618-g002){#zoi190811f2}

The mean (SD) age of participants was 65.6 (5.8) years (range, 51.8-83.8 years), and 52.8% (range, 28.2%-100.0%) were men. The mean (SD) baseline systolic blood pressure was 161.3 (13.6) mm Hg (range, 129-195 mm Hg). A total of 14 studies included placebo, health education, or conventional education in their control groups, and 35 studies reported direct treatment comparisons (3 of which included placebo and 2 treatment agents). The mean (SD) follow-up time was 3.7 (1.5) years (range, 1.0-10.0 years). Across all included clinical trials with particular classes of antihypertension medications, the frequency of use for each type of antihypertension medication was similar between studies, with the participants' mean age above and below 65 years. By region of study, ACE inhibitors, β-blockers, and diuretics were more frequently used in Europe, DH CCBs were more frequently used in Asia and Europe, and ARBs were more frequently used in Asia. The prevalence of baseline cardiovascular disease and diabetes was similar among participants using each class of antihypertension medications. The characteristics of all 46 included studies are available in eTable 1 in the [Supplement](#note-ZOI190811-1-s){ref-type="supplementary-material"}.

For all 46 clinical trials included in the analysis, the mean (SD) overall systolic and diastolic blood pressure changes among those reported were −18.0 (8.7) mm Hg and −10.1 (4.7) mm Hg, respectively. The overall risk of cardiovascular events was 11.5%. Among the adverse effect profile, edema was prevalent among 0.5% of participants receiving ACE inhibitors, 17.1% of participants receiving DH CCBs or non--DH CCBs, 8.7% of participants receiving β-blockers, 15.1% of participants receiving ARBs, 9.9% of participants receiving diuretics, and 3.7% of participants receiving placebo. Cough was prevalent among 8.3% of participants receiving ACE inhibitors, 9.6% of participants receiving DH CCBs or non--DH CCBs, 4.1% of participants receiving β-blockers, 2.7% of participants receiving ARBs, 5.4% of participants receiving diuretics, and 16.1% of participants receiving placebo. Headache or hypotension was prevalent among 0.7% of participants receiving ACE inhibitors, 7.9% of participants receiving DH CCBs or non--DH CCBs, 1.4% of participants receiving β-blockers, 10.8% of participants receiving ARBs, 7.4% of participants receiving diuretics, and 8.8% of participants receiving placebo. Dizziness was prevalent among 1.7% of participants receiving ACE inhibitors, 7.5% of participants receiving DH CCBs or non--DH CCBs, 9.1% of participants receiving β-blockers, 14.8% of participants receiving ARBs, 9.0% of participants receiving diuretics, and 10.2% of participants receiving placebo.

Comparative Efficacy {#H2-4-ZOI190811}
--------------------

An assessment of the absolute risk differences in cardiovascular events among placebo-clinical trials that compared antihypertension medications with placebo indicated that all 5 types of antihypertension medications were associated with larger decreases in cardiovascular events than placebo. Compared with placebo, DH CCBs were reported to reduce the risk of cardiovascular death by 7 cases per 1000 persons; ACE inhibitors and diuretics were reported to decrease myocardial infarction risk by 24 cases and 10 cases per 1000 persons, respectively; and DH CCBs and diuretics were reported to reduce stroke risk by 16 cases and 21 cases per 1000 persons, respectively (eTable 2 in the [Supplement](#note-ZOI190811-1-s){ref-type="supplementary-material"}).

Based on these results, 143 people would need to be treated with DH CCBs to prevent 1 cardiovascular death. To prevent 1 myocardial infarction, 42 people would need to be treated with ACE inhibitors and 100 people with diuretics. To prevent 1 stroke, 63 people would need to be treated with DH CCBs and 48 people with diuretics.

Network Meta-analysis {#H2-5-ZOI190811}
---------------------

In the network meta-analysis comparing placebo vs medication groups, for cardiovascular death, we noted that ACE inhibitors, DH CCBs, ARBs, and diuretics were all associated with 15% to 22% relative risk reductions. The specific relative risk reductions were as follows: for ACE inhibitors, 20% reduction (95% CI, 9%-30%; RR, 0.80; 95% CI, 0.70-0.91); for DH CCBs, 20% reduction (95% CI, 11%-29%; RR, 0.80; 95% CI, 0.71-0.89); for ARBs, 15% reduction (95% CI, 3%-26%; RR, 0.85; 95% CI, 0.74-0.97); and for diuretics, 22% reduction (95% CI, 12%-31%; RR, 0.78; 95% CI, 0.69-0.88).

For myocardial infarction, ACE inhibitors, DH CCBs, and β-blockers were associated with 20% to 28% relative risk reductions. The specific relative risk reductions were as follows: for ACE inhibitors, 28% reduction (95% CI, 12%-41%; RR, 0.72; 95% CI, 0.59-0.88); for DH CCBs, 21% reduction (95% CI, 4%-34%; RR, 0.79; 95% CI, 0.66-0.96); and for β-blockers, 20% reduction (95% CI, 1%-35%; RR, 0.80; 95% CI, 0.65-0.99).

For stroke, all classes of medications were associated with 19% to 39% relative risk reductions. The specific relative risk reductions were as follows: for ACE inhibitors, 34% reduction (95% CI, 20%-45%; RR, 0.66; 95% CI, 0.55-0.80); for DH CCBs, 39% reduction (95% CI, 30%-48%; RR, 0.61; 95% CI, 0.52-0.70); for β-blockers, 20% reduction (95% CI, 2%-33%; RR, 0.80; 95% CI, 0.67-0.98); for ARBs, 31% reduction (95% CI, 17%-42%; RR, 0.69; 95% CI, 0.58-0.83); and for diuretics, 37% reduction (95% CI, 24%-47%; RR, 0.63; 95% CI, 0.53-0.76).

For revascularization, diuretics were associated with a 33% relative risk reduction (95% CI, 5%-53%; RR, 0.67; 95% CI, 0.47-0.95). For overall cardiovascular events, all classes of medications were each associated with a 17% to 29% relative risk reduction ([Figure 3](#zoi190811f3){ref-type="fig"}). The specific relative risk reductions were as follows: for ACE inhibitors, 29% reduction (95% CI, 17%-40%; RR, 0.71; 95% CI, 0.60-0.83); for DH CCBs, 27% reduction (95% CI, 16%-36%; RR, 0.73; 95% CI, 0.64-0.84); for β-blockers, 17% reduction (95% CI, 2%-30%; RR, 0.83; 95% CI, 0.70-0.98); for ARBs, 21% reduction (95% CI, 6%-33%; RR, 0.79; 95% CI, 0.67-0.94); and for diuretics, 27% reduction (95% CI, 15%-38%; RR, 0.73; 95% CI, 0.62-0.85).

![Network Meta-analysis Comparing Single Class of Antihypertension Medications With Placebo for Treatment of Cardiovascular Events\
ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; DH CCB, dihydropyridine calcium channel blocker; and error bars, 95% CI.](jamanetwopen-3-e1921618-g003){#zoi190811f3}

These data indicate that, according to effect sizes, ACE inhibitors, DH CCBs, and diuretics were associated with similarly significant reductions in the risk of overall cardiovascular events and cardiovascular death. The greatest reductions in myocardial infarction risk were associated with ACE inhibitors, and DH CCBs and diuretics were associated with similarly significant reductions in the risk of stroke. Diuretics were associated with similarly significant reductions in the risk of revascularization. However, their 95% CIs overlapped.

Consistency, Heterogeneity, Bias, and Sensitivity {#H2-6-ZOI190811}
-------------------------------------------------

In terms of the risk of bias assessment, we found that studies were of moderate quality (mean score, 4.0 of 5.0 possible points), in which randomization had a mean (SD) score of 1.8 (1.0) of 2.0 points, blinding had a mean (SD) score of 1.1 (0.5) of 2.0 points, and consideration of all patients had a mean (SD) score of 1.0 (1.0) of 1.0 point. No study was considered to have a high risk of bias. Visual examination of funnel plots indicated that no significant publication bias was present for cardiovascular death, myocardial infarction, stroke, revascularization, and overall cardiovascular events (eFigure 1 in the [Supplement](#note-ZOI190811-1-s){ref-type="supplementary-material"}).

No general inconsistency of treatment effect on each outcome was found, with all *P* values greater than .05. By individual treatment, no significant inconsistency was detected among different classes of antihypertension medications (eTable 3 in the [Supplement](#note-ZOI190811-1-s){ref-type="supplementary-material"}). No significant treatment effect heterogeneity was detected, as none of the τ^2^ values was equal to or greater than 0.25 (eFigure 2 in the [Supplement](#note-ZOI190811-1-s){ref-type="supplementary-material"}).

In metaregressions of blood pressure reduction with cardiovascular events, blood pressure reduction was associated with reductions in cardiovascular events. In particular, each 10--mm Hg reduction in systolic blood pressure was significantly associated with a 13% lower risk of cardiovascular death (RR, 0.87; 95% CI, 0.77-0.99), a 17% lower risk of stroke (RR, 0.83; 95% CI, 0.72-0.97), and a 14% lower risk of overall cardiovascular events (RR, 0.86; 95% CI, 0.78-0.96). Each 5--mm Hg reduction in diastolic blood pressure was significantly associated with a 14% lower risk of cardiovascular death (RR, 0.86; 95% CI, 0.74-1.00), a 20% lower risk of stroke (RR, 0.80; 95% CI, 0.67-0.95), and a 16% lower risk of overall cardiovascular events (RR, 0.84; 95% CI, 0.74-0.96; eTable 4 in the [Supplement](#note-ZOI190811-1-s){ref-type="supplementary-material"}).

Discussion {#H1-4-ZOI190811}
==========

From 46 randomized clinical trials that examined the effect of the most commonly used antihypertension medications on preventing cardiovascular events, pooled results showed that ACE inhibitors, DH CCBs, and diuretics were reported to be similarly effective in preventing cardiovascular death (approximately 20% reduction compared with placebo), stroke (approximately 35% reduction compared with placebo), and overall cardiovascular events (approximately 30% reduction compared with placebo). Angiotensin-converting enzyme inhibitors were reported to be the most effective in preventing myocardial infarction (approximately 30% reduction compared with placebo). Diuretics were reported to be the most effective in reducing revascularization (approximately 30% compared with placebo). Our study provides the most current evidence to date on the comparative efficacy of antihypertension medications reported to reduce cardiovascular events in randomized clinical trials. Furthermore, to our knowledge, this is the first meta-analysis to pool the results of studies that tested the efficacy of antihypertension medications in reducing the risk of revascularization.

Our results are consistent with those reported in previous meta-analyses of randomized clinical trials.^[@zoi190811r8],[@zoi190811r9]^ Psaty et al^[@zoi190811r9]^ found that low-dose diuretics were reported to be the most effective treatment for preventing the occurrence of cardiovascular mortality. Law et al^[@zoi190811r8]^ indicated that for stroke, all antihypertension medication classes were reported to have similar risk reduction effects for a given reduction in blood pressure. Our findings further supported the evidence indicating that the reported differences of the effects on reducing cardiovascular events between medication classes are small. We also provided more up-to-date information regarding the reported efficacy of antihypertension medications in reducing cardiovascular events. A recent systematic multinational analysis, the Large-Scale Evidence Generation and Evaluation Across a Network of Databases for Hypertension (LEGEND-HTN) study,^[@zoi190811r21]^ used observational data encompassing millions of patients and found that diuretics were associated with advantages in reducing various cardiovascular events compared with other classes of medications. This finding is different than that of our study, which indicated that diuretics had similar reported effectiveness in reducing cardiovascular events compared with ACE inhibitors and DH CCBs and that ACE inhibitors appeared to be most effective in reducing myocardial infarction. The difference in findings may be owing to the varied study designs (randomized clinical trials vs observational studies), and it is not clear to what extent the LEGEND-HTN study may be subject to selection bias.

Network meta-analysis allowed us to compare medication classes with placebo both directly (ie, among the included placebo-clinical trials) and indirectly (ie, among all of the included studies). The comparisons between medications and placebo indicated slight differences between direct and overall comparisons. The network comparisons were more precise (ie, they had narrower 95% CIs).

It is also worth noting that the association between decreasing blood pressure and reduced cardiovascular events was smaller than that obtained from observational studies.^[@zoi190811r22],[@zoi190811r23]^ The reason may be that most participants in clinical trials, including those receiving placebo, were motivated to reduce their blood pressure and, in a number of cases, were also treated with other medications. In addition, participants' motivation may have led them to engage in healthy lifestyle habits, such as choosing healthier diet patterns, exercising, and avoiding tobacco and alcohol use. Dietary modification can and should be a complementary effort in trying to reduce BP and many dietary patterns are supported by robust evidence.^[@zoi190811r27]^ This finding also calls for future studies that examine the associations between antihypertension medications and lifestyle in preventing cardiovascular events among patients with hypertension. However, although the effect size for the association between decreasing blood pressure and reduced cardiovascular events was small, some of the differences were statistically significant.

Limitations {#H2-7-ZOI190811}
-----------

Our study was limited by the relatively small number of studies included in the network meta-analysis, so we lacked the statistical power to conduct subgroup analyses to examine whether the association of antihypertension medications with reduced cardiovascular events could be the consequence of different factors (eg, age, sex, or baseline blood pressure level). Although the results from this analysis may serve as a source of reference, a comprehensive study based on demographic factors and comorbidities is needed to assess which class of antihypertension medication should be recommended for reducing adverse cardiovascular outcomes. The newly published American College of Cardiology and American Heart Association guidelines for hypertension identify a wider range of individuals with early hypertension and prehypertension, and our study can guide first-line medication choices.^[@zoi190811r24]^ In addition, the 46 clinical trials we studied were mostly performed in North America, western Europe, and East Asia, and more data are needed regarding patients in South Asia and Africa, which cumulatively compose a large proportion of the world's population.

Another important limitation of our study is that we did not include results for combinations of antihypertension medications because there were too few studies with data for each permutation of combinations. However, this lack of studies suggests that the efficacy of several groups of combinations, such as β-blockers and diuretics, will need to be studied more frequently in the future. Recent findings have indicated that treatment with low doses of 3 antihypertensive medications is associated with an increased proportion of patients who achieved target blood pressure compared with standard care,^[@zoi190811r25]^ and quarter-dose therapies with combined medications were reported to be more effective, with fewer adverse events, in reducing blood pressure compared with standard monotherapy.^[@zoi190811r26]^

Conclusions {#H1-5-ZOI190811}
===========

The present network meta-analysis indicated that major first-line antihypertension medications, including ACE inhibitors, DH CCBs, β-blockers, ARBs, and diuretics, were all reported to be effective in reducing cardiovascular events compared with placebo. Furthermore, ACE inhibitors, DH CCBs, and diuretics appeared to be similarly effective in reducing cardiovascular deaths, stroke, and overall cardiovascular events. Compared with other antihypertension medications, ACE inhibitors appeared to be the medications of choice to prevent myocardial infarction, and diuretics appeared to be the optimal choice to reduce revascularization. The differences between medication classes were generally small in terms of their associations with reducing cardiovascular events. Future studies should compare the effectiveness of multiple antihypertension medications in combination with individual antihypertension medications in reducing cardiovascular events.
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